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在大电流密度 300 μA cm-2下实现了较高的放电容量和循环稳定性(250个循环后














































The advancement of materials highly influences the development of human 
society, in which great transformation is often triggered by the emerging of novel 
materials. Meanwhile, the need in our daily life will in turn stimulate the continuous 
development of new materials. In recent years, due to the shortage of energy and the 
pollution of environment, there is a great demand for clean energy and new energy 
storage systems.   
TiO2, a non-toxic and non-pollution material, has been widely used in sunscreens, 
paint, photo conversion and energy storage systems due to its superior physical and 
chemistry properties. TiO2 is a wide band gap (3.0 eV in rutile, 3.2 eV in anatase) 
semiconductor and intensively used as photoanode in water splitting process due to its 
good chemical stability. TiO2 also finds its use in lithium ion battery due to its small 
volume expansion rate (<4%) and excellent cycle stability.  
This thesis is focusing on the design and synthesis of TiO2 with different 
morphologies and structures, and the growth mechanism is studied as well. The 
specific applications of TiO2 composite as the anode in lithium ion battery and water 
splitting processes will also be covered. The main works are as follows: 
Firstly, titanium oxide with different morphologies and structures were 
successfully prepared on either three dimensional (3D) Si nanorod (NR) substrate or 
planar Si or FTO (Fluorine doped tin oxide transparent conductive glass) substrates by 
a solvothermal method. The morphologies and structures of TiO2 composites can be 
controlled by adjusting the existence of the seedlayer, the way of seedlayer coating, 
growth time, solution type, solution concentration and reaction temperature. The 
synthesis mechanism has also been discussed. 
Secondly, on the basis of controllable growth of TiO2 by the above synthesis, a 
modified 3D Si/TiO2-Ti2O3 nanorods (NRs) composite was produced as anode in 
lithium ion battery and the comrresponding electrochemistry performances were 
















rate performance was accomplished in this composite anode due to its 3D 
configuration in Si NRs, volume expansion restriction by TiO2 coating, and the better 
electrical conductivity of Ti2O3 flakes. At a high current density of 300 μA cm
-2
, the 
composite electrode still maintained a good stability and high capacity up to 240 μA h 
cm
-2
 after 250 cycles. This work provides a train of thought for the design of other 
composite electrodes and can also lay a foundation for further building the micro- 
battery systems. 
Thirdly, we further optimized material synthesis process and realized the 
controllable preparation of TiO2 nanorod arrays on FTO substrate. When heated at 
200 °C in the TBT:H2O:HCl=0.3:10:10 (in volume) solution, uniformly distributed 
rutile TiO2 NRs were produced on FTO without seedlayer, which presents the best 





. The preliminary work laid a foundation for further 
optimization of photoelectric chemical properties of TiO2 composite material systems 
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